SUPPLEMENT 1
This supplement contains all detailed LAGRANTO calls discussed in the article. Furthermore some screen dumps show the output of LAGRANTO commands.
# ---------------------------------------------------------------------# Example 1: Identification of a warm-conveyor belt (section 2) # ---------------------------------------------------------------------# ------List of all input files -------------------------------------
> ls -1 P20090129_12 P20090129_18 P20090130_00 P20090130_06 P20090130_12 P20090130_18 P20090131_00 P20090131_06 P20090131_12 # Check for the change in specific humidity select greenland.1 greenland.1 'GT:Q(CHANGE):1.5:LABEL' P20090118_06  P20090118_12  P20090118_18  P20090119_00  P20090119_06  P20090119_12  P20090119_18  P20090120_00  P20090120_06  P20090120_12  P20090120_18  P20090121_00  P20090121_06  P20090121_12  P20090121_18  P20090122_00 # Create starting positions > startf 20090118_00 startf.2 'box.eqd (-80,20,40,80,50 # Calculate a pseudo profile along the Gotthard trajectory > echo "V 1. 0 P" >! tracevars > echo "T 1. 0 P" >> tracevars > echo "QV 1. 0 P" >> tracevars > echo "W 1. 0 P" >> tracevars > profile gotthard.1 profile.nc # Online calculation of potential temperature and relative humidity > echo "TH 1. 1 P" >! tracevars > echo "RH 1. 1 P" >> tracevars > trace traj_1500m.1 diabatic.1 > more diabatic.1 Reference date 20100128_0900 / Time range 2880 min List of all input files  > ls -1  P20071026_00  P20071026_06  P20071026_12  P20071026_18  P20071027_00  P20071027_06  P20071027_12  P20071027_18  P20071028_00  P20071028_06  P20071028_12  P20071028_18  P20071029_00  P20071029_06  P20071029_12  P20071029_18   P20071030_00  P20071030_06  P20071030_12  P20071030_18  P20071031_00  P20071031_06  P20071031_12 
# -----Create start positions ----------------------------------------

--------------------------------------
# -----Run forward trajectories --------------------------------------
#
----------------------------
# -----Select WCB trajectories ---------------------------------------
--------------------------------------
# ---------------------------------------------------------------------# Example 1: Refined analysis of WCB (section 4.1) # ---------------------------------------------------------------------# -----GT:p(CHANGE):550:FIRST,LAST ----------------------------------
----------------------------------------------------------
# ---------------------------------------------------------------------# Example 2: Stratosphere-Troposphere Exchange (section 4.2) # ---------------------------------------------------------------------# List of all input files > ls -1 P20090118_00
----------------------------------------
---------------------------------------------------------------------# Example 3: Orographic blocking (section 4.3) # ---------------------------------------------------------------------
time lon lat z TH RH ------------------------------------------------------------------------------------------------------------------------- # Example 4: Origin of air masses at observational site (section 4.4) # --------------------------------------------------------------------- #
OPTIONAL
-j
Jumping flag: if a trajectory crosses the lower boundary,i ti sr aised a little and hence is allowed to move on. Otherwise, i.e. if no "-j" flag set, the trajectory would stick at the same position. The default is that "-j" is not set.
-i hours time increments (in hours) for input P and Sfi les. If not explicitely specified, this is determined from the P and S files in the current directory.
-t min time step (in minutes) for trajcetory calculation. Per default, the time step is 1/12 the time increment of the input files. For instance, 6-h input P and S files result in a time step of 30 min. The time step must be consistent with the output interval (see next optional parameter "-o").
-o hours
Output interval (in minutes) of the air parcel positions. Per default it is the same as the time increment between the input P and S files (see option "-i"). Note that the output interval must be a multiple of the time step for trajectory calculation (see optional argument "-t").
-p Periodicity flag. If set, a periodic domain is assumed in zonal direction. Per default, the flag is not set.
-changet flag whether the times of the P and S files should be changed or not before a calculation; the default is that the times are not changed.
-noclean flag whether parameter and criterion files should be kept; this is particularly helpful for debugging.
-timecheck enforce a time check on the data file -indir dirname search for dates (in format {YYYYMMDD_HH}) in the direcory givenw ith {dirname} -the dates are written in ascending order to the datelist file and repeating dates are removed.
EXAMPLES
-intervalvalue change the interval to {value} hours, instead of the default 6 hours.
INFO ABOUT DATELISTS
-ndates write the number of dates in the list -timerange write the time range {last date} -{first date} [in hours].
-isin date check whether the date is in the list (1) or not (0).
STEPPING THROUGH DATELISTS
-first write the first date of the date list -last write the last date of the date list -next date find the date {date} in the list and write the next date to screen; if no next date is in the list, i.e. the end of the list is reached, 'nil' will be returned.
-prev date find the date {date} in the list and write the previous date to screen; if no previous date is in the list, i.e. the beginning of the list is reached, 'nil' will be returned.
COMPARING DATELISTS
-overlap file1 file1 determine the overlap of twodate lists.
-onlyin1 file1 file1 determine the dates which only occur in date list 1, but not in datelist 2 -onlyin2 file1 file1 determine the dates which only occur in date list 2, but not in datelist 1 
DESCRIPTION
Gridding of a trajectory file "inpfile"; the output is written to a netCDF file "outfile). The trajectories can be interpolated to equal-distance intervals or to a higher time resolution; furthermore, an interpolation is provided to give a continuous line in a longitude/latitude grid. Besides densities of trajectories, possibly at different times, gridding of traced meteorological fields is accepted.
PARAMETERS inpfile
input trajectory file (in one of the accepted formats, see reformat for details) outfile output netCDF file with a regular or rotated longitude/latitude grid. The output can be either in IVE or in CF netCDF format (see switches below).
OPTIONAL PARAMETERS -field name
Field name (according to the column names of the trajectory file) which should be gridded. If no field is specified, it is assumed that the trajectory density (counts per grid point) should be gridded.
-create determines the behaviour if the output file already exists: 1) if the file does NOTe xist, it will be created; 2) if the file already exists, it will be overwritten, i.e. newly created. If the flag is not set and the file already exists, the output of the newgridding will appended to the existing file. As a typical scenario: density TRAJECTORYD ENSITY;d ensity TRAJECTORYD ENSITY -field p; density TRA-JECORYDENSITY -field PV;... -> all fields (p, PV,...) will be written to the same output file "DEN-SITY".
-index filename perform only a gridding of the trajectories in the indexlist "filename"; an indexlist is just a list of the indices of the single trajectories -it can easily be created with select and also is used in extract.
-boolean filename perform only a gridding of the trajectories in the boolean list "filename"; a boolean list has for each trajectory an entry 1 (trajectory selected) or 0 (not selected) -itcan easily be created with select and also is used in extract.
-interpval unit interpolate the trajectories to newp ositions before the gridding; different modes are accepted: 1) -interp1hinterpolates the trajectories to a newtime resolution (here 1 h); 2) -interp20km interpolates the trajectories to a news pace resolution (here 20 km). Note that nearly stationary trajectories will be reduced in their influence considerably if this mode is applied; 3) -interp2deg interpolates to an ew resolution, expressed in degl on/lat. This mode is particularly helpful if a "line" should be drawn on a lon/lat grid.
-radius val unit set the filtering radius for the smoothing (default is 100 km); this radius determines overwhich radius each trajectory point is smeared out during the gridding. It should be adapted to the grid resolution: if it is too small, and no grid point falls into the circle with this radius, an error message is written. A good choice might be -radius <dlat|dlon [in km]>. Further Examples: -radius 2 deg for smoothing over2degrees lat/lon; -radius 20 km for a 20 km smoothing.
-latlon [ nlon nlat lonmin latmin dlon dlat | dynamic ] specification of the regular output lon/lat grid; the default output grid has parameters: nlon = 360, nlat =180, lonmin = -180, lonmax = 180, dlon =1, dlat = 1 (global). If the option dynamic is chosen, the grid is automatically adapted to the trajectory file: the longitude and latitude boundaries are determined and the resulting ranges divided in 400 grid pixel in each direction. In a second step the grid distance is set equal in zonal and meridional direction, and the other grid parameters correspondingly 1 density() density() adjusted.
-rotated clon clat nlonlat dlonlat specification of the rotated output lon/lat grid; the centre of the rotated grid is givenw ith the central longitude (clon) and latitude (clat) -this point corresponds to 0/0 in the newc oordinate system. The horizontal resolution (dlonlat) of the newg rid is equal in rotated longitude and latitude. The final domain extensions are: -(nlonlat-1)/2*dlonlat, +(nlonlat-1)/2*dlonlat and correspondingle for rotated latitude.
-time value do only a gridding of the time specified; e.g. -time 18.00 would perform a gridding of the trajectory time 18 h. If the netCDF already exists, and if the "-create" flag is not set, the newtime will be added to the already existing file -the grid parameters will automatically be taken from the netCDF file.
OUTPUT FIELDS -COUNT number of trajectory points attributed to grid points; the integration of this field overt he whole domain is equal to the total number of gridded trajectory points, i.e. equal to the product #trajectories x#times.
-RESIDENCE residence time of trajectory points attributed to grid points; the integration of this field overthe whole domain is equal to the total time of all trajectories, i.e. equal to the product #trajectories x #time x time interval.
-AREA area (in square kilometers) attributed to each grid point, i.e. dlat x dlon x coslatitude). This field can be used to convert the units of COUNT and RESIDENCE to grid-independent values. For instance, RESIDENCE/AREA is the residence time per square kilometer.
-FILED gridded field: e.g gridded pressure, temperature, potential vorticity.
EXAMPLES
[1] density TRAJECTORYDENSITY bring the TRAJECTORYfi le into a netCDF file DENSITY with gloabl coverage (longitude/latitude grid). The netCDF file is in CF format and the all trajectory points are gridded, based on a smoothing radius of 100 km.
[2] density TRAJECTORYDENSITY -latlon dynamic as in example [1], but nowthe lon/lat grid is automatically adapted to the range of the trajectory file.
[3] density TRAJECTORYDENSITY -interp1h as in exaxmple [1] , but the trajectories are interpolated to a 1-h time interval. This givessmoother trajectories.
[4] density TRAJECTORYDENSITY -interp20km as in exaxmple [1] , but the trajectories are interpolated to a 20-km distance interval.
[5] density TRAJECTORYDENSITY -interp1deg as in exaxmple [1] , but the trajectories are interpolated to a 1 degdistance interval. If the output grid (as specified in option "-latlon" or "-rotated") has the same spacing (1 deg) as giveni n" -interp 1 deg", a continuous line is drawn.
[6] density TRAJECTORYDENSITY -radius 100 km the trajectory points are spread out overacircle with radius 100 km; this is equivalent to a smoothing of the resulting density field. Note that in a equidistant cylindrical projection, the circles become distorted towards the pole. If this is not appropriate, the option -radius 2 deg can be given, which is independent of geographical latitude.
density() density()
[7] density VALID DENS -time 18.00 only gridding of the trajectory points corresponding to time 18 h; if no time is specified or if -time all , then all trajectory times are included. Note that interpolation with "-interp" (see above)i sn ot allowed, if only one time step is selected, i.e. "-interp" works only with "-time all".
[8] density TRAJECTORYDENSITY -rotated 30 50 401 0.1 -interp0.2 deg all trajectory times are gridded, but this time onto a rotated lon/lat grid; for instance, an interesting feature was found at (lon=30,lat=50). The newcoordinate system, a rotated lon/lat grid, is centered at this point and spreads from 20 W to 20 W and from 20 S to 20 N, comprising 401 grid points in rotated longitude and latitude direction. The newgrid resolution is 0.1 degrees, which was taken into account in the interpolation to 0.2 degintervals between trajectory points.
[9] density TRAJECTORYDENSITY -index filename all trajectories in the trajecrtory file TRAJECTORYa re gridded which are listed in the indexfi le "filename".
[10] density TRAJECTORYDENSITY -field p -time 0.00 -latlon dynamic in addition of positional gridding (COUNT,R ESIDENCE), do also a gridding of the pressure (p). This givesthe pressure at the grid points, averaged overall trajectories passing overthe grid point.
[11] density TRAJECTORYDENSITY -time 0.00; density TRAJECTORYDENSITY -time 6.00 the trajectory density for "TRAJECTORY" is first written to "OUTPUT" for time 0; then, with the second call, the densities are written for the time 6 h and included into the already existing netCDF file "DENSITY". Similarly,a dditional fiels can be added to a already existing netCDF file, e.g. with the second call "density TRAJECTOR DENSITY -field p -time 0.00".
AUTHOR
Written by Michael Sprenger and Heini Wernli (January 2011) 3 difference() difference() NAME difference -calculate the difference of twotrajecrtory files
SYNOPSIS difference inpfil1 inpfile2 outfile field [-single|-max ]
DESCRIPTION
Calculate the difference of twot rajectory files "inpfile1" and "inpfile2" and write it to a newt rajectory file "outfile". The difference is calculated of the field "field", which must be available on both input files. If the field "LATLON" is specified, the spherical distance between the twotrajectories is taken. Furthermore, with "-single" the difference is written at all times, with "-max" only the time of maximum difference is written.
PARAMETERS inpfile1
first trajectory file inpfile2 second trajectory file outfile output trajectory file -note that this is not a standard trajectory file which can be further processed! The position of both trajectories are listed and also the field for both trajectories and their difference.
field Name of field for which the difference should be calculated. It must be available in both trajectory files. IF "LATLON" is specified, the spherical distance between the trajectory positions is calculated.
OPTIONAL PARAMETERS
-single the difference is written to "outfile" for all trajectory times -max the difference is written to "outfile" only for the trajectory time with maximum difference.
EXAMPLES [1] difference tra1 tra2 out LATLON -single
givest he speherical distance (LATLON) between trajectories in "tra1" and "tra2". The difference is written for all trajectory times.
[2] difference tra1 tra2 out TH -max givesthe difference of potential temperature (TH) between trajectory file "ra1" and "tra2" and writes the maximum difference ("-max") to the output file "out". 
AUTHOR
DESCRIPTION
Extract columns, times, single trajectories or starting positions from an input trajectory file inptra and write output to a newt rajectory file outtra. The different extraction modes are specified with mode. Note: the time, longitude, latitude and pressure need not be extracted beacuse theyare an integral part of every trajectory file -theyare extracted by default.
EXTRACTION MODE
-var extract columns of a trajectory file; the columns can be listed by name (e.g. -var TH PV RH) or a range of columns can be specified by the "to" operator (e.g. -var TH to PV). The twomodes can also be combined: "-var TH to PV RH" extracts all columns between TH and PV,and additionally RH.
-time extract trajectory times; the times can be givena sal ist of times (e.g. -time 6 12) or as a time range (e.g. -time 6 to 18).
-tra extract single trajectories; the indexofthe trajectories can be specified as a list (e.g. -tra 10 12 14) or as a range of trajectories (e.g. -tra 10 to 20).
-startf extract list (longitude, latitude, pressure) of starting positions ofvthe trajectory file (corresponding to time 0).
-index extract single trajectories -the trajectory indices (from 1 to #trajectories) are giveno nafi le (e.g. -indexfilename).
-boolean extract single trajectories -the trajectory are specified on a boolean (0/1) file (e.g. -boolean filename).
-pattern extract all trajectories which match the pattern given; the pattern is a list of numbers. It is then checked whether these numbers occur in a trajectory (all at one time).
EXAMPLES
[1] extract inptra outtra -time 6 to 36 72 read input trajectory file "inptra", extract times 6 to 36 and additionally time 72, and write output to trajectory file "outtra".
[2] extract inptra outtra -index indfile reads input trajectories from "inptra" and write all trajectories to "outtra" which are listed in the file "indfile". In "infile" the indices of selected trajectories are listed line-by-line.
[3] extract inptra outtra -pattern-999.99 extracts all trajectories which have a missing data (-999.99) entry.
[4] extract inptra outtra -pattern0. 
DESCRIPTION
Calculate trajectories for the time period startdate to enddate for the starting positions givenin startf, either as position file or as criteria for starting positions. Furthermore, some selection criteria can be applied to the trajectory file, as givene ither in a selection file or an explicit seclection criterion (giveni n select ). Each tracjectory calculation is givenac ase identifier caseid which determines where the input data and output files are located.
PARAMETERS caseid
identifier for a trajectory calculation; "caseid" determines where the input netCDF files are found and where the output trajectory file is written. The different options are: 1) local (the input P and S files must be ready in the directory where Lagranto is called; the output directory is also written to the local directory); 2) casename (the input files are found in "${HOME}/cdf/casename/" and the output is written to "${HOME}/tra/casename/"; 3) interim (the input files are taken from the ERA-Interim archive,t he output is written to the local directory); 4) analysis (as in 3), but for the ECMWF operational analysis); 5) forecast (as in 3), but for the ECMWF deterministic forecast).
caseid.label the specification of "label" is optional; it allows to attribute to the output directory name this label and hence to distinguish between several Lagranto runs. Note that "label" has no influence where the input files are found and where the output directory is writtem to. It only is added to the output directory name! startdate starting date for the trajectory calculation in format YYYYMMDD_HH(MM). This date defines the reference date and time for the trajectory output, i.e. it corresponds to time 0. enddate end date for the trajectory calculation in format YYYYMMDD_HH(MM); if "enddate" is later than "startdate", a forward trajectory calculation is performed, otherwise a backward calculation. As an example: "20100101_00 20100105_00" is forward, and 20100105_00 20100101_00" is backward in time.
startf definition of the starting positions; theycan be either available as a 1) (lon/lat/pressure)-list in afi le; as an 2) explicit criterion (e.g. "point(50,40) @ list(100,200,300,400) @ hPa') -for details, see documentation of startf; or as 3) a single point in the format "longitude latitude pressure". select definition of selection criterion; it can be passed either in a file or as an explicit selection criterion (e.g. "GT:PV:2:LAST'). For further details, see documentation of command select.
OPTIONAL PARAMETERS
-o filename name of the output trajectory file; default filename is "lsl_{startdate}".
-j jumping flag; if the trajectory runs into the ground, it is lifted a little and allowed to move on. This flag is directly passed to the command caltra. See documentation for "caltra" for further details.
-v tracefile name of the tracing file which enlists all fields to be traced along the trajectories; the tracing file is directly passed to startf and trace (see documentation of these twoc ommands for further details).
-r regionfile name of the region file which enlists all regions; the region file is directly passed to startf and select (see documentation of these twocommands for further details).
1 lagranto.ecmwf() lagranto.ecmwf() -changet change the times on the netCDF files relative tothe starting date; Lagranto expects the netCDF times to be relative tothe starting date. The default value of "-changet" is false.
-noclean do no cleaning after a trajectory run; the default is that the output directory will be cleaned. If cleaning is requested (the default), the following files will be kept in the outputdirectory: 1) the output trajectory file; 2) the log file of the trajectory run; 3) the run script. All other files are deleted.
-log write log of Lagranto run on screen instead into a file. No log file will be created with this option.
-prep create the run directory,p repare all files and build the run script -but do not run it. Hence, ev erything is ready for the Lagranto run, but it is not launched. It can be launched manually, possibly after some manual modifications to the run script, with the following steps: 1) change to run directory (for instance with "lagranto -open caseid.label"); 2) start the run script (with ./runscript.sh, where you have topass the name of your runscript name). 
INPUT FILES
tracevars [optional]
tracing file where all meteorological fields are listed which should be traced along the trajectories. The tracing file is needed by the program startf and particularly trace (for further details about the format of the file, consider the documentation for these twocommands). If no tracing of meteorological fields is needed, no tracing file must be specified. Furthermore, the name of the file can be changed from its default (tracevars) with the optional parameter "-v filename" (see above).
regionf [optional]
region specification for definition of strting positions (with startf )o ra pplication of Lagrangian selection criteria (with select ). If no region is used in either "select" or "startf", no region file must be specified. The name of the region file can be changed from its default (regionf) with the option "-r filename".
startf [optional]
definition of the starting positions, either as an explicit list of longitude, latitude, pressure; or as acriterion savedonthe file. If the specification of the starting positions is done with an explicit specification in startf (e.g. "point(50,40) @ list(100,200,300) @ hPa") no starting file is needed.
select [optional]
definition of a selection criterion for command select. If the selection criterion is given explicitely in the Lagranto call (e.g. GT:PV:2), no selection file is needed.
OUTPUT FILES AND STRUCTURE
ForaL agranto run a newd irectory will be created where all needed files are prepared. The name of the directory and the file within it (if cleaning is invoked) are:
ntr_${startdate}_{dir}${timerange}_{startf}_{select} for instance, the Lagranto call "lagranto local 20100101_00 20100102_00 startf selectf" will create the directory "ntr_19891020_00_f24_local_startf_selectf". Correspondingly,f or a backward calculation the name would be "ntr_19891021_00_b24_local_startf_selectf", i.e. the {dir} is set to 'b'.
lagranto.ecmwf() lagranto.ecmwf() ls_${startdate} default name of the output trajectory file placed in the ntr directory.The name can be changed with the option "-o filename". Note further that different output formats are supported, as described in the documentation for command reformat.
runscript.sh name of the run script, i.e. the script within the ntr directory which calls all Fortran programs. It cn be manually started with "./runscript.sh".
runscript.logfile name of the log file; all status information is written to this file. If a Lagranto run fails, this is the place where to start loking for the reason!
SPECIAL COMMANDS
The main focus of lagranto is to combine the calls to "startf", "caltra", "trace" and "select" into one convenient call. In addition to this, "lagranto" offers some handy special commands which allowm ore efficient working.
-open caseid.label open a new xterm windowand change to the run directory.Ifsev eral directories with the same case ID are found, the user is interactively asked to choose one.
-remove caseid.label remove a run directory.Ifsev eral directories with the same case ID are found, the user is interactively asked to choose one.
-showcaseid.label showthe contents of the trajectory file as a list. If several directories with the same case ID are found, the user is interactively asked to choose one.
EXAMPLES
[1] lagranto local 19891020_00 19891021_00 startf nil -changet af orward trajectory calculation from 00 UTC, 20 October 2010 to 00 UTC, 21 October 2010. The starting positions are taken from the file "startf". No selection criterion is applied (nil), and the times on the input netCDF files are set relative tothe starting date in advance.
[2] lagranto local 19891020_00 19891021_00 startf 'GT:PV:2:LAST' -changet as in example [1], but nowa ne xplicit selection criterion is applied (GT:PV:2:LAST) -the potential vorticity at the end date (19891021_00) must be larger than 2 PVU.
[3] lagranto local 19891020_00 19891021_00 startf 'GT:PV:2:LAST' -changet -prep as in the previous twoexamples, but nowonly the files and runscript are prepared: no Lagranto run is launched! Todoso, you might change to the run directory with lagranto -open local and then start it manually with ./runscript.sh.
AUTHOR
Written by Michael Sprenger and Heini Wernli (January 2011) list2lsl() list2lsl() NAME list2lsl -convert a list of longitude, latitude and pressure into a trajectory file.
SYNOPSIS list2lsl inpfile outfile [optional arguments ]
DESCRIPTION
Convert an input file "inpfile" wqith alist of longitude, latitude and pressure into a trajectory file. -time value set the time of the trajectory file to "value" (in format HH.MM): e.g. "-time 6" sets the time to 6 h.
PARAMETERS
EXAMPLES
[1] list2lsl listfile trafile -refdate 20110101_00 -time 6 converts the list "listfile" into a trajectory file "trafile", where the reference date is 20110101_00 and the time is 6 h. 
AUTHOR
MODES FOR COMBINATION
Three different combination modes are supported. Theyare tested for sequentially and the first mode which is accepted, based on the criteria listed below, isperformed. The three modes are:
-column
The input files have the same trajectory times, longitudes, latitudes and pressures, and both files contain the same number of trajectories. The newt rajectory file contains all columns from both input files, duplicate columns only included once, e.g. if "inpfile1" has columns "time,lon,lat,p,TH,PV" and "inpfile2" columns "time,lon,lat,p,PV,Q", the output file will have "time,lon,lat,p,TH,PV,Q".
-append
The input files have the same trajectory times and the same columns, but differ in the number of trajectories. Then the second file is appended to the first one and written as a newtrajectory file.
-times
The input files differ only in the time values, e.g. the first file might contain times -96 h to 0 h and the second the times from 0 h to 96 hours. Then the newcombined file will contain the time -96 h to 96 h. Note that duplicate times are eliminated. Furthermore, the output times are sorted in increasing order.
EXAMPLES
[1] mergetra file1 file2 newfile combines the twot rajectory files "file1" and "file2" and writes a newt rajectory file; the mode for combination is automatically detected. offset Offset in hours; the offset can be positive (into the future) or negative (into the past).
AUTHOR
EXAMPLES [1] newtime 20110101_00 45
gives20110102_21, the datestring 45 h after 20110101_00. 
AUTHOR
DESCRIPTION
Get pseudo-profile of meteorological fields along the trajectories giveninthe input file inpfile and write the field to a netCDF file outfile. The horizontal axis in the netCDF file corresponds to the trajectory times, the vertical axis givest he pressure in hPa( by default, from 100 to 1000 hPa: it can be changet with optional argument '-pmin', '-pmax', '-centering'). By default, the pseudo profile is taken at a fixed set of pressure levels between 100 and 1000 hPa. If the option '-centering' is selected, the pressure levels are relative tothe trajectory position. The meteorological fields for the pseudo profile are listed in a tracing file (default: tracevars). Note that the tracevars file has the same format as for trace butthat all online calculations in the tracing file are neglected.
PARAMETERS
inpfile input trajectory file; the appendix determines the format (see reformat for details).
outfile output netCDF file for the pseudo-profile fields.
OUTPUT FIELDS -[FIELD_SUM | FIELD_MEAN ]
Sum or mean of the profile field FIELD, depending on the optional parameter '-sum' (default) or '-mean'. For instance, if potential temperature TH is passed as a profile field, then TH_MEAN would contain the mean overa ll trajectories. The horizontal axis coincides with the times on the trajectory file; the vertical axis depends on the mode. By default, it goes from 100 hPato1000 hPa, within 100 steps. If '-centering' is passed as argument, the pressure levels are always relative tot he trajectory position.
-FIELD_CNT
Number of values contributing to FIELD_SUM and FIELD_MEAN. This value is variable because the following cases do not contribute to the output field FIELD_SUM/MEAN: (a) if the position is outside the data domain of the input P files; (b) if the position falls belowt opography; (c) if the trajectory position is invalid; and (d) if the profile field has a missing value flag set.
-POSITION
Position of all trajectories contributing to the profile composite. By default, the vertical position of the trajectories between 100 hPAa nd 1000 hPac an be visualised in this way.I f' -centering' is selected, the POSITION corresponds to a single line because then all pressure positions are relative to the trajectory height, i.e. a pressure of 0 hPao nt ghe vertical axis corresponds to the trajectory position.
TRACING FILE
Normally the meteorological fields for tracing are listed in a file with name tracevars . The name of the tracing file can be changed with the optional argument "-v" (see below). The format of the tracing file is as follows:
Format field scale computation prefix Examples -TH1.0S:pseudo profile of potential temperature (TH), scale it with 1 (no scaling); it is available on the S file (no computation is needed: 0). -Q1000. 0 P : pseudo profile of specific humidity (Q), scale it with 1000 to have g/kg; it is available on the P file (no computation is needed: 0).
OPTIONAL ARGUMENTS
-i hours time increments (in hours) for input P and Sfi les. If not explicitely specified, this is determined from the P and S files i n the current directory.
trace() trace() -v varfile
Change the name of the tracing file from its default value "tracevars" to "varfile".
-f field scale Trace field (with scaling scale) along the trajectories; the computation flag and the prefix for the data file is automatically set. This options allows the quick tracing of a field, without specifying a tracing file.
-timecheck enforce a time check on the data files -nearest Do no interpolation between grid points; just taket he nearest neighbor! This option is useful, if a discrete input field is given(e.g. labels), where interpolated values are meaningless.
[-sum|-mean]
If '-sum' (the default) is chosen and several trajectories are on the input file, then the sum of all pseudo profile fields is written to the output file; otherwise, for '-mean', the mean of all pseudo profile fields is written.
-pmin value Set the lower pressure limit for the pseudo profile. Default is 100 hPa.
-pmax value Set the upper pressure limit for the pseudo profile. Default is 1000 hPa.
-nprevalue Set the number of pressure levels between 'pmin' and 'pmax. Default is 100.
-centering Select the pressure levels relative tothe trajectory position; by default the pressure levels are givenasabsolute heights between 100 and 1000 hPa. If '-centering' is chosen and no explicit limits are specified with 'pmin' and 'pmax', the limits are set to pmin=-500 hPa and pmax=500 hPa.
EXAMPLES [1] profile TRAJECTORY.1profile
Read the trajectory file TRAJECTORY. 1a nd get a composite pseudo-profile from 100 to 1000 hPa along the the trajectories. If there are several trajectories on TRAJECTORY. 1, the sum is written to the netCDF file profile. The fields of which a pseudo profile is calculated are listed in the file 'tracevars'.
[2] profile TRAJECTORY.1profile -pmin 200 -pmax 500 As in [1] , but the upper and lower limits of the pseudo profile are set to 200 and 500 hPa.
[2] profile TRAJECTORY.1profile -centering As in [1] , but the profile pressure levels are not fixed: Theyare taken relative tothe trajectory height.
AUTHOR
Written by Michael Sprenger and Heini Wernli (April 2012). reformat() reformat()
NAME reformat -convert trajectory files between different formats
SYNOPSIS reformat inpfile outfile
DESCRIPTION
Convert a Lagranto trajectory file inpfile from one format to another format; the newfi le is written to outfile. The formats are specified with an appendix to the filename, e.g. "trajectory.1" specifies format 1. If no appendix is given, format 1 is chosen.
PARAMETERS
inpfile input trajectory file outfile output trajectory file (can be the same as inpfile).
FORMATS
Formats must be specified with an appendix to the filename. If no appendix is given, format 1 is chosen. .3 unformatted Fortran; this is the most efficient format, but least portable one.
.4 netCDF; portable and compact data format.
EXAMPLES [1] reformat trainp.1 trainp.4
Convert the input trajectory file in format 1 (ASCII) to format 4 (netCDF).
AUTHOR
Written by Michael Sprenger and Heini Wernli (January 2011)
DESCRIPTION
Select trajectories from the input trajectories in "inptra" based upon meteorological conditions specified in "criterion" (to be described below). The selected trajectories are then written to a newt rajectory file "outtra".
PARAMETERS inptra input trajectory file outtra output trajectory file criterion specification of the selection criterion; the specification is either an explicit criterion or a file containing the specification. Each selection criterion has the following form:
Several selection criteria can be combined with logical operator & (AND) and | (OR), the AND having higher priority than the OR.
OPTIONAL ARGUMENTS
-noclean keep temporary files for debugging.
-boolean Write a boolean list (0/1) instead of a trajectory file; the file has #trajectories entries, each line corresponding to an input trajectory /1=trajectory selected, 0=not selected).
-index
Write an indexl ist instead of a trajectory file: the indexo fa ll selected trajectories is written to the output file -the indexranges from 1 to #trajectories.
-count
Write only the number of selected trajectories to the output file.
-startf Write only the starting positions of selected trajectories to the output file.
-regionf filename change the region file from its default value "regionf" to a newfile name: the syntax is "-regionf filename".
COMMAND -GT
greater than: e.g. GT:PV:2 selects trajectories with first potential vorticity (PV) larger than 2 PVU.
-L T less than: e.g. LT :RH:70 selects trajectories with first relative humidity (RH) below70%. -EQ equal: e.g. EQ:p:460 selects trajectories with first pressure equal to 460 hPa.
-TRUE check whether value is different from zero (logical TRUE): e.g. TRUE:CYCL::ALL(ANY) checks whether the trajectory passes through a cycclone, which is marked as 0/1 field, at anytime. Note that the command 'TRUE' has no arguments of its own! 1 select() select() -F ALSE check whether value is equal to zero (logical FALSE): e.g. FALSE:CYCL::ALL(ALL) checks whether the trajectory neverp asses through a cycclone, which is marked as 0/1 field. Note that the command 'TRUE' has no arguments of its own! -ALL, ANY,NONE these are special commands which only apply for the TRIGGER field. Further explanations are given belowinsection TRIGGER.
FIELD
-V ALUE takev alue of the field: e.g. GT:PV(VALUE):2 selects the trajectories with first potential vorticity (PV) value greater than 2 PVU. This selection criterion is equivalent to GT:PV:2, i.e. the VALUE argument is taken as default.
-MEAN taket he mean overt he selected times: e.g. GT:RH(MEAN):70:ALL selects all trajectories for which the mean relative humidity (RH) overall times (ALL) is greater than 70 %.
-V AR taket he variance overt he selected times: e.g. GT:lat(VAR):10:ALL selects all trajectories for which the variance of latitude (lat) overall times (ALL) is greater than 10.
-MIN takethe minimum of the selected times: e.g. LT :p(MIN):300:ALL select all trajectories which have aminimum pressure (p) less than 300 hPaoverall times (ALL).
-MAX taket he maximum of the selected times: e.g. LT :p(MAX):300:ALL select all trajectories which have a maximum pressure (p) less than 300 hPaoverall times (ALL).
-SUM taket he sum overt he selected times: e.g. GT:LHR(SUM):2:ALL selects all trajectories for which the sum overall latent heating rates (LHR) overall times (ALL) is greater than 2 K.
-CHANGE takec hange between twot imes: e.g. GT:p(CHANGE):600:FIRST,LAST selects all trajectories wich have a pressure difference |p(FIRST)-p(LAST)| greater than 600 hPab etween the first and last time or vice versa. Note that the change can be positive orn eg ative,i .e. it is not clear whether it is ascent or descent.
-DIFF takedifference between twotimes: e.g. GT:p(DIFF):600:FIRST,LAST selects all trajectories wich have a pressure difference p(FIRST)-p(LAST) greater than 600 hPab etween the first and last timecorresponding to an ascending air stream. Correspondingly GT:p(DIFF):600:LAST,FIRST finds a descending air stream.
TIME MODE
The command are applied to a set of trajectory times; if no time is specified, the the command is only applied to the first time. Most generally,t he time mode consists of twop arts: time list( time mode), where the first specifies a list of times and the second howtoapply the criterion to the selected times. Note that with the first "ALL" the times are selected, i.e. all times in this case, and with the second "ANY" it is specified that the criterion must only apply to at least one of the selected times.
-NONE at no time: e.g. IN:lat:-20,20:ALL(NONE) selects all trajectories which neverstay in the equatorial band. OUT:lat:-20,20:FIRST(NONE) selects the trajectories which are not outside the equatorial time at the first time: theymust be inside.
-TRIGGER the trajectory is automatically selected, but the trigger column is updated. A selection of trajectories might then e accomplished based on this trigger column: e.g GT:p:700:1(TRIGGER) would set the trigger 1 for all trajectory times where the pressure (p) is greater than 700 hPa. Similarly, GT:p:800:1(TRIGGER) & GT:lat:50:2(TRIGGER) would set the trigger 1 for all times where the pressure (p) is larger than 800 hPaand set the trigger 2 for all times where the latitude (lat) is larger than 50 degrees north. Note, that both eents might apply: then the rsulting trigger is 3. The triggers are internally savedasthe bits of an integer variable, i.e. trigger 1 corresponds to value 1=2ˆ0, trigger 2to2=2ˆ1, trigger 3 to 4=2ˆ2...
LOGICAL OPERATORS
-& logical and: e.g. GT:lat:34:FIRST & GT:lon:50:FIRST selects the trajectories to the north of 34 N and to the east of 50 E at first time. Several selection criteria can be combined with '&'.
-| logical or: e.g. GT:lat:34:FIRST | GT:lon:50:FIRST selects the trajectories to the north of 34 N or to the east of 50 E at first time. Several selection criteria can be combined with '|'. Note that locical OR has a lower priority than logical AND, i.e. in an expression likeT1|T2&T3first the expression T2 & T3 is evaluated and only then logically OR-combined with T1.
IMPLICIT FIELDS
Implicit variables can be used in the selection criteria, although theydonot explicitely appear as a column in the trajectory file. Theyare calculated on-the-fly during the selection.
-DIST length of the trajectory (in km), integrated along great circle sections between the trajectory vertices: e.g. GT:DIST:1000:LAST tests whether the total path length of the trajectory (DIST) exceeds 1000 km.
-DIST0 distance of the trajectory (in km) from its starting position: e.g. GT:DIST0:1000:18,24(ANY) tests whether the air parcel is more than 1000 km awayfrom its starting position, either at time 18 h or at time 24 h. 
-INCIRCLE
specification of circle around a specified point: e.g. TRUE:INCIRCLE:40,50,500:LAST select all trajectories which have their final position (LAST) in the circle centred at 40 E / 50 N and with a radius of 500 km.
-INREGION specification of target regions in a region file (default "regionf") -please consider the documentation of "create_startf" for details concerning the format of the region file. As an example, if a region 1 is defined on the region file, the criterion TRUE:INREGION:1:18 selects all trajectories which are within region 1 at time 18 h.
SPECIAL CRITERIA
Special criteria are and can be implemented into select. The call to the special criteria is of the following form: SPECIAL:command:parameters, where "command" is a command string (e.g. WCB) and "parameters" is a list of parameter values.
-WCB identification of Warm Conveyor Belts (WCB): e.g. SPECIAL:WCB:300,0,24 selects trajectories which ascend more than 300 hPab etween time 0 and 24 h. Note, the ascent is determined as min{p(0...24)}-p(0), i.e. the first pressure p(0) is fixed whereas the lowest pressure can occur at any time between 0...24 h.
TRIGGER FIELD
At rigger (or flag) field can be defined in select. This special column of the trajectory file allows to mark specified events for each trajectory and its times. As an example, you would liket os elect all trajectories which are below700 hPaatacertain time and have relative humidity above 80%at the same times: Then you could set a first trigger for the pressure criterion and a second one for the relative humidity,a nd then you would check for the simultaneous occurence of the twotriggers. More specifically, GT:p:700:1(TRIGGER) & GT:RH:80:2(TRIGGER) this will define the triggers for the twoe vents. Note that both events might be fulfilled, in which case both triggers are set. The value of the trigger is: 1 if only the first criterion is fulfilled (binary 01); 2 if only the second is fulfilled (binary 10) and 3 if both are fulfilled (binary 11).
ALL:TRIGGER:1,2:ALL(ANY)
this will select all trajectories for which both triggers 1 and 2 are set -theycan be set at anytime of all the trajectory times; if, for instance, you would liket ot est whether the twot riggers are set at the twotimes 6 and 12, the command would be ALL:TRIGGER:1,2:6,12(ALL).
will only check whether one of the twotriggers 1 and 2 is set NONE:TRIGGER:1,2:ALL(ANY) will check whether none of the twotriggers 1 and 2 is set select() select()
IMPLEMENTING COMPLEX CRITERIA
News pecial criteria can easily be implemented into the code -to this aim the following steps must be taken:
[1] <special.f> in directory "${LAGRANTO}/select/" must be modified. Taket he example "WCB" to see howt he Fortran code must be changed.
[2] <install.sh select> must be invokedt or ecompile the program "select". For successful compilation, the executable "select" will be listed.
Type <select -special> to get a list of all special commands and a detailed description.
EXAMPLES
[1] select trainp traout 'GT:PV:2:LAST' selects all trajectories with PV>2 PVU for the last time step. The input trajectories are giveni n trainp, the selected ones are written to traout. If the twofilenames are the same, the input file is overwritten.
[2] select trainp traout 'IN:lat:-20,20:6,12' selects all trajectories which are in the equatorial band at times 6 h and 12 h. The criterion must apply at both times. specifier detailed description of starting positions. The specifier has the following format: <hori-zontal> @ <vertical> @ <unit> @ <selection>. The components of the specifier are described in greater detail in the following sections.
HORIZONTAL -file[filename]
read lat/lon from file "filename"; each line contains one lat/lon pair.
-line[lon1,lon2,lat1,lat2,n] np oints from (lon1,la1) to (lon2,lat2); the points are linearly interpolated in lat/lon space.
-box.eqd[lon1,lon2,lat1,lat2,ds] lat/lon box bounded with south-western point (lon1,lat1) and north-eastern point (lon2,lat2); the equdistant points within the box have a horizontal distance ds (in [km] ).
-box.grid[lon1,lon2,lat1,lat2,] lat/lon box with south-western point (lon1,lat1) and north-eastern point (lon2,lat2 grid points; all grid points within this box are taken as staring points.
-point[lon,lat] single lon/lat point.
-shift[lon,lat,dlon,dlat] lon/at points and dlon/dlat shifted ones, i.e. in total fivep oints: central one and four shifted ones: (lon,lat), (lon+dlon,lat), (lon-dlon,lat), (lon,lat+dlat), (lon,lat-dlat).
-polygon.eqd[filename,ds] equidistant within arbirtrary polygon (ds in [km] ). The file with the polygon points has the following format: 1st line a lon/lat point within the polygon; further lines lon/lat points of the vertices (max 500) of the polygon.
-polygon.grid[filename]
grid points within arbitrary polygon. The file with the polygon points has the following format: 1st line a lon/lat point within the polygon; further lines lon/lat points of the vertices (max 500) of the polygon.
-circle.eqd[lonc,latc,radius,ds] circle with centre at (lonc,latc) and radius "radius" (in km); the equidistant points within the circle have a horizontal distance ds (in [km] ).
-circle.grid[lonc,latc,radius] circle with centre at (lonc,latc) and radius "radius" (in km); all rid points within the circle are selected.
-region.eqd[id,ds]
Read region specification from region file ("default regionf", to be changed with option "-regionf") and fill it equidistantly with starting points (ds in km). The region 1 startf() startf() identification is "id", see belowinsection REGION FILE.
-region.grid[id]
Read region specification from region file ("default regionf", to be changed with option "-regionf") and fill it with starting points on the input grid. The region identification is "id", see belowinsection REGION FILE. -profile[lev1,lev2,n] nequdistant levels between lev1 and lev2.
VERTICAL
-grid[lev1,lev2] all grid points within layer (lev1,lev2) are selected UNIT -hPa pressure (in hPa).
-hPa,agl pressure (in hPa) above ground level.
-K potential temperature (in K).
-PVU potential vorticty (in PVU). Note that potential vorticity (PV) might not be unique as a vertical coordinate; if several levels have a giv enPVvalue, the highest one is chosen.
-INDEX indexofmodel level(1=surface).
SELECTION -criterion
Selection criteria based on meteorological fields applied to the starting position; The criteria followthe syntax of the program select.
-nil
If no selection criteria should be invoked, the argument "nil" should be given.
REGION FILE
Several starting regions can be defined for every case in a region file (default filename is "regionf"; to be changed with optional parameter "-regionf filename"). There are twop ossible formats for specifying a region (theyrequire either a line with 5 or 9 entries): regnum lonw lone lats latn ar egular latitude-longitude square: regnum=integer region number; lonw=westernmost longitude of starting region; lone=easternmost longitude; lats=southernmost latitude; latnNorthernmost latitude. regnum lon1 lat1 lon2 lat2 lon3 lat3 lon4 lat4 an irregular latitude-longitude square: regnum=integer region number; lon{x},lat{x} = longitude and latitude of the x-th corner.Note that the 4 corners must be arranged counterclockwise. For a triangle the 4th corner can be specified identically to the 3rd. 
OPTIONAL
-t tracefile tracing file with variables for selection criteria (see trace for format of the file). If no file is specified, the default "tracevars" is used. Further,i fn os election criterion is invoked, no tracing file is necessary.
startf() startf() -changet flag whether the times of the P and S files should be changed or not before a calculation; the default is that the times are not changed.
-noclean flag whether parameter and criterion files should be kept; this is particularly helpfuld for debugging.
-regionf filename change the region file from its default value "regionf" to a newfi le name: the syntax is "-regionf filename".
-timecheck enforce a time check on the data files
EXAMPLES
[1] startf 19891020_00 startf 'point(-10,50) @ list(450,500,550) @ hPa' Starting points are (longitude, latitude, pressure in hPa): (-10,50,450) ; (-10,50,500) ; (-10,50,550) . No selection criterion is applied; the positions are written to file "startf".
[2] startf 19891020_00 startf 'line(-10,-5,40,50,10) @ level(450) @ hPa,agl' 10 points are equidistantly specified between lon/lat point (-10,40) and (-5,50 ); all trajectories start at 450 hPaabove ground level-the surface pressure is taken from the primary file P19891020_00. The positions are savedin"startf".
[3] startf 19891020_00 startf 'box.grid(-10,-5,40,50) @ list(300,320) @ K' All grid points in the box with the south-eastern lon/lat point (-10,40 ) and the north-eastern one (-5,50 ) are taken -the horizontal grid spacing is specfified in the primary file P19891020_00. In the vertical, twoisentropic levels are chosen: 300 K and 320 K. The potential temperature for the calculation is taken from the secondary file S19891020_00.
[4] startf 19891020_00 startf 'shift(-10,40,1,1) @ profile(1000,200,100) @ hPa' Aprofile of 100 equidistant levels between 1000 hPaand 200 hPa; in the horizontal the central lon/lat point (-10,40 ) is taken and four horizontally displaced ones, the diplacement being 1 degree in zonal and meridional direction. [6] startf 19891020_00 startf.1 criterion As in the previous example [5] , but the criterion is savedonafile with filename "criterion".
[7] startf 19891020_00 startf 'polygon.grid(polygon) @ level(500) @ hPa Ap olygon is specified in the file "polygon"; the different lines in the file are: -5. 45. / -10. 40. / 10. 40. / 10 50. / -10. 45. The first lon/lat point lies within the polygon, all other lon/lat points are the vertices of the polygon. All grid points within the polygon are taken as starting point, at level5 00 hPa.
[8] startf 19891020_00 startf 'polygon.eqd(polygon,50) @ level(500) @ hPa As in the previous example [7] , except that the starting points are distributed equidistantly within the polygon. The horizontal distance between the starting points is 50 km in zonal and meridional direction.
[9] startf 19891020_00 startf 'shift(-10,40,1,1) @ profile(1000,200,100) @ hPa@GT:TH:310' As in example [4] , but a selection criterion is additionally applied: only starting positions with potential temperature (TH) greater than (GT) 310 K are kept. Potential temperature must be available on the secondary file S19891020_00 and the file "tracevars" must have a line with "TH 1. 0 S". Further examples for selection criteria can be seen in select.
[10] startf 19891020_00 START.1'region.eqd(3,10) @ level(500) @ hPa' get equidistant starting points (10 km distance) in the region with identifier 3, as listed in the region file "regionf" (the default). 
AUTHOR
SYNOPSIS timeres inpfile outfile -[h|min] value [-cubic|-linear]
DESCRIPTION
Change the time resolution of an input trajectory file "inpfile" through interpolation and write a newtrajectory file "outfile". The newt ime resolution "value" is givene ither in hours "-h" or in minutes "-min". The interpolation is performed on the trajectory file either in linear mode ("-linear") or in cubic spline mode ("-cubic"). The default is "-cubic".
PARAMETERS
-h value newtime resolution in hours (e.g. "-h 1").
-min value newtime resolution in minutes (e.g. "-min 15").
-linear linear interpolation between twotrajectory times; note that this mode conserves the sign between twot rajectory times -possibly of important for specific humidity,r elative humidity,... expression arithmetic expression, e.g. 'DIFF=PS-p' to get difference between surface pressure (PS) and the pressure height of the trajectory (p). Note that the variable names must exactly match to the column names in the trajectory file. The mathematical expression can contain previously defined variables, numbers (e.g., 1.5 or 1.5e-6), arithmetic operators (+, -, *, /, ˆ), and a number of mathematical functions (sin, cos, tan, sqrt, exp, log, ln, abs, ang, real, imag, conjg, complex) . The expression can also use nested levels of parentheses for grouping. There are twopredefined variables that are available to the user â the constant pi=3.14159265358979 and the imaginary unit i.
-linear
EXAMPLES [1] tracal inp out 'agl=z-zb'
caculates the difference between air parcel height (z) and surface height (zb). The result is savedinan newcolumn (agl). 
AUTHOR
DESCRIPTION
Trace meteorological fields along the trajectories giveni nt he input file inpfile and write a newt rajectory file outfile tracing file (default: tracevars). Partly theycan be computed "online" (see ONLINE CALCULA-TIONS below), normally theyare availbale on the primary and secondary P and S files.
PARAMETERS
outfile output trajectory file; the appendix determines the format (see reformat for details).
TRACING FILE
Normally the meteorological fields for tracing are listed in a file with name tracevars . The name of the tracing file can be changed with the optional argument "-v" (see below). -field:+50hPa -get field at trajectory position + 50 hPashifted in vertical. A shift to lower pressures is obtained with field:-50hPa.
-field:+1dp -get field at trajectory position + 1 grid spacing DP shifted in vertical. A shift to lower pressures is obtained with field:-1dp. Note that DP is not fixed but varies with height.
-field:+6h -get field at trajectory position, but 6 h in the future. Shifts to the past are poeeible with field:-6h. In addition to hours (h), the time shift can be specified in minutes (min).
Examples -TH1.0S:trace potential temperature (TH), scale it with 1 (no scaling); it is available on the S file (no computation is needed: 0). -Q1000. 0 P : trace specific humidity (Q), scale it with 1000 to have g/kg; it is available on the P file (no computation is needed: 0). -RH1.1*:trace relative humidity (RH), no scaling is needed (1.); relative humidity is not available on either P or S file and must be computed (1).
-T H:100hPa1 .0S:As in the first example, but nowt he potential temperature is taken 100 hPa belowthe air parcel position.
OPTIONAL ARGUMENTS
-v varfile
trace() trace()
-timecheck enforce a time check for the data file
SPECIAL INTERPOLATION MODES
-nearest Do no interpolation between grid points; just taket he nearest neighbor! This option is useful, if a discrete input field is given(e.g. labels), where interpolated values are meaningless.
-circle_avg radius calculate area-weighted average overall grid points within a circle of the specified radius [km] . e.g. -circle_avg 200; note that the tracing of fields within a circle is quite slow.
-circle_max radius calculate maximum within a circle of a radius [km] . e.g. -circle_max 200
-circle_min radius calculate minimum within a circle of a radius [km] . e.g. -circle_min 200
-clustering special mode to trace strat/trop label; the labels are attributed according to the program (tropopause), which clusters the atmosphere into fived istinct classes according to the definition of the tropopause: PV (2 PVU) and potential temperature (380 K). The clustering mode is a refined version of the nearest mode, where all surrounding eight grid points vote for the final value.
ONLINE CALCULATIONS
If the computation flag in the tracing file is set to 1, a meteorological field is calculated based upon the already traced fields and/or based on the fields on the primary and secondary P and S files. The following fields are implemented for online calculations:
-TH potential temperature (in K).
-RHO density (in kg/mˆ-3).
-RH relative humidity (in %).
-THE equivalent-potential temperature (in K).
-LHR latent heating rate (K per input time step, typically K/6h). -ABSVORT absolute vorticity (in sˆ-1) -ABSVORT=DVDX -DUDY+F ,Fbeing the Coriolis parameter.
-DIV horizontal divergence of the velocity field (in sˆ-1) -DIV = DUDX + DVDY.
-DEF horizontal deformation of the velocity field (in sˆ-1) -DEF = SQRT( ( DVDX + DUDY)ˆ2 +(DUDX-DVDY)ˆ2 ).
-PV Ertel potential vorticity (in PVU) -PV = g * ( ABSVORT*DTHDP + DUDP * DTHDY-DVDP * DTHDX ).
-RI Richardson number -RI = NSQ / (DUDPˆ2 + DVDPˆ2 ).
-TI tubulence indicator according to Ellrod & Knapp -TI = DEF * SQRT( DUDPˆ2 + DVDPˆ2 )*(RHO * G). 
-DIR
EXAMPLES [1] trace TRAJECTORY.1TRAJECTORY.1-changet
Read the trajectory file TRAJECTORY. 1, trace all fields in the file "tracevars" along the trajectories and overwrite the existing trajectory file. In preparation, all times on the P and S files are changed prior to the tracing.
[2] trace INPTRA.1 OUTTRA.1 -f PV 1. Trace PV (with scaling factor 1.) along the trajectories in trajectory file "INPTRA.1" and write a newtrajectory file "OUTTRA.1".
[3] trace INPTRA.1 OUTTRA.1 -f PV:-100HPA1. As in example [2] , but the PV is taken at a position 100 hPahigher (lower pressure) than the air parcel'sposition.
[4] trace INPTRA.1 OUTTRA.1 -f DIST0 1. Get the spherical distance (in km) of the air parcel from its starting position.
AUTHOR
Written by Michael Sprenger and Heini Wernli (January 2011). 
DESCRIPTION
Write meta-information for a trajectory file trafile to screen. If no option is given, all meta-information is written, otherwise the specific piece of information is passed with option.
PARAMETERS
trafile name of the input trajectory file OPTIONAL ARGUMENTS -dim dimensions of the trajectory file: #tra, #ntimes, #ncolumns.
-ntra number of trajectories.
-ntim number of times.
-ncol number of columns (including time, longitude, latitude, pressure).
-vars list of field names (columns) on the trajectory file.
-refdate reference date in format (YYYYMMDD_HHMM).
-times list of times (relative tothe referencec date). Times are giveninformat: HH.MM.
-startdate starting date for the trajectory calculation (in format YYYYMMD_HHMM).
-enddate end date for the trajectory calculation (in format YYYYMMD_HHMM).
-timerange time range (in minutes) of the trajectories.
-list list all trajectories.
EXAMPLES [1] trainfofile dim
Givenat rajectory file with name "file", write the three dimensions of the file to screen. The dimensions are: number of trajectories, number of times and number of columns.
AUTHOR
